Non-invasive ampullary tumors, may be treated with endoscopic (EA) or surgical ampullectomy (SA). However, evidence on the morbidity of these techniques remains limited. This pilot study aimed to assess and compare morbidity of EA and SA. Patients undergoing EA or SA for non-invasive ampullary tumors were retrospectively analyzed and compared. Outcomes were postoperative complications graded with Clavien Classification and Comprehensive Complication Index (CCI), and length of stay (LoS). A review of the literature was performed to propose an evidence-based algorithm to treat ampullary tumors. A total of 11 EA and 19 SA were identified and analyzed. EA was associated with shorter intervention (51 vs. 191 min, p < 0.001) and decreased blood loss (0 vs. 100 mL, p < 0.001). Postoperative complications were more frequent after surgery compared to endoscopy (9% vs. 68%, p  = 0.002). Surgical patients showed a higher CCI (0 vs. 8.7, p < 0.001). LoS was reduced in  patients undergoing endoscopy (0 vs. 14 days, p < 0.001) , with comparable readmissions rates (p = 0.126). Necessity of subsequent treatment was more frequent after endoscopic, compared to SA (5 vs. 1, p = 0.016) . EA was associated with lower morbidity than SA and appeared as an appropriate first-line treatment for non-invasive ampullary tumors. SA remains a valuable alternative after EA failure.
Introduction
Ampullary neoplasms are rare tumors accounting for 0.5% of gastrointestinal tumors, and displaying distinctive features related to their anatomical and pathological singularities (1) . There is strong evidence for the risk of benign lesion to transform into malignant carcinoma (2) . As a consequence, the indication to resect ampullary neoplasms, regardless of their grade, is widely accepted (1) . Strikingly, no dedicated guidelines for the treatment of these tumors have been proposed so far. Although pancreaticoduodenectomy (PD) has been evidenced as the treatment of choice for invasive ampullary tumors (1, 3) , its high morbidity and mortality may not be justified for non-invasive tumors. (4) (5) (6) . Indeed, less invasive techniques such as surgical ampullectomy (SA) and endoscopic ampullectomy (EA) have been acknowledged as appropriate approaches for this indication (7) (8) (9) (10) (11) . While a few studies comparing SA vs. EA have been reported, the morbidity related to these techniques has not been thoroughly assessed and compared (7, 12) .
This study thus aimed to provide a comprehensive assessment and comparison of the morbidity induced by EA and SA. In addition, it sought to generate a decision-making algorithm to treat ampullary neoplasms, primarily based on the available evidence from the literature.
Materials and Methods
This retrospective cohort study was conducted in the Departments of Visceral Surgery and Gastroenterology & Hepatology, Lausanne University Hospital (CHUV). This study was conducted in accordance with the STROBE criteria (http://strobe-statement.org/) and registered under www.researchregistry.com (UIN: 577).
Patients and procedures
Patients undergoing EA or SA over the last 10 years (from 2005 to 2015) were identified from our prospective databases. Age < 18 years, immunosuppressive treatment and emergency surgery were considered as exclusion criteria. EA and SA were performed according to techniques described previously (7, 12) . Non-invasive ampullary tumor was defined as adenoma or in situ adenocarcinoma.
Data collection
Relevant demographics, comorbidities, preoperative assessment, details of the procedure and clinical outcomes were prospectively collected and anonymized in a computerized database. Operation duration was measured from incision to skin closure by the anesthetists. Intraoperative blood loss was estimated measuring the volume of aspirated fluid and soaked gauzes, jointly by the anesthetists and the surgeons. Postoperative complications were assessed by both the Clavien Classification (13) and the Comprehensive Complication Index (CCI) (14) within 30 postoperative days. Briefly, CCI is a score -ranging from 0 (no complication) to 100 (death) -that sums each postoperative complication. By avoiding underreported minor complications, CCI is a robust metric to assess morbidity. Length of stay (LoS) was calculated from day of surgery until discharge. Readmissions were considered within 30 postoperative days.
Electronic search was performed using MEDLINE/ PubMed, Embase, Web of Knowledge, and The Cochrane Library. The search strategy was applied between January 1990 and June 30 th 2016. Terms used were ampullectomy, ampulloma, ampullary tumor. Data from this systematic search were used to generate an algorithm for decision-making ( Figure 1 ).
Statistical analysis
Normal continuous and categorical variables were compared using Student's t test and Chi-squared, respectively. A p value < 0.05 was considered to be statistically significant. Data analyses were performed using SPSS v20 statistical software (Chicago, IL).
Results and Discussion

Patients demographics and tumors characteristics
A total of 30 ampullectomies -with 11 EA and 19 SA -involving 24 patients were identified and analyzed. In term of demographics, the 2 groups were comparable for most variables (Table 1 ). On average, surgical patients were 4 years older than endoscopic patients (65 vs. 69 years, p = 0.024). None of the other demographics and comorbidities showed significant difference between the groups.
Tumors also displayed comparable characteristics in the 2 groups, with no difference in term of histological type (p = 0.573) or size (p = 0.953) ( Table 1 ). 
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BioScience Trends Advance Publication P3 (9% vs. 68%, p = 0.002). Minor complications were significantly increased in the surgery group (9% vs. 53%, p = 0.023), whereas a trend was observed for major complications (0% vs. 32%, p = 0.061). Consistently, surgical patients showed a higher median CCI (0 vs. 8.7, p < 0.001). LoS was reduced in patients undergoing EA (0 vs. 14 days, p < 0.001), without increasing the readmissions (27% vs. 5%, p = 0.126). The proportion of patients necessitating subsequent treatment was higher in EA compared to SA (5 vs. 1, p = 0.016). Four patients initially treated with EA had to undergo SA for technical resectability reasons, while 1 patient underwent 2 EA procedures before necessitating SA; of note, the patient had familial adenomatous polyposis (FAP). In the SA group, 1 patient subsequently underwent PD because of recurrence.
Conclusions
EA was associated with more favorable outcomes than SA, in this cohort of patients treated for non-invasive ampullary tumors. Patients undergoing EA indeed showed lower complications rate and reduced LoS, in comparison to patients treated with SA.
Preoperative assessment
All of the patients underwent an endoscopic examination with either an Esophagogastroduodenoscopy (EGD), Endoscopic Retrograde Cholangio-pancreatography (ERCP) or Endoscopic Ultrasound (EUS) with subsequent biopsies. No further assessment is recommended for patients without invasive cancer and macroscopic features of malignancy (6) . Patients who do not meet these two criteria should undergo a Computed Tomography scan (CT-scan) to exclude a metastasize disease, which will indicate the necessity of a palliative care. Tumor size was assessed either by CT-scan or EUS. A cut-off of 2 cm was used to allocate treatment, namely EA or SA.
Outcomes
Intra-and postoperative outcomes are summarized in Table 2 . Endoscopy was associated with shorter intervention (51 vs. 191 min, p < 0.001) and decreased blood loss (0 vs.100 mL, p < 0.001). Overall, surgical patients experienced more postoperative complications Comparative studies on these less invasive alternatives reported that EA was associated with lower morbidity compared to SA (7, 12) . The comparison with previous studies is somehow awkward since they did not focus on postoperative complications, but rather reported overall morbidity without using a validated grading system (7, 12) . Notwithstanding, a landmark study by Ceppa et al. showed an overall morbidity of 18% for EA compared to 42% for patients undergoing surgery (p = 0.006) (7) ; these findings are indeed consistent with the present results.
Some drawbacks of the study need to be addressed. The study is mainly limited by its retrospective design and the small sample size, which may potentially influence the findings. Although it was not the aim of this study, assessing prognosis of patients undergoing EA vs. SA would enable to decipher whether one approach could offer longer survival than the other. There is an imperative need to design multicentric prospective studies in patients with ampullary tumors, to answer questions such as long-term survival, in this field. Nevertheless, the present study precisely detailed the landscape of complications after EA and SA. One could argue that the 2 groups were different for age; although significant, this difference was minor (65 vs. 69 years, p = 0.024) and is thus unlikely to be the only cause of the difference observed in outcomes. This report may serve as a tool to preoperatively provide precise risk rates to the patients.
Strikingly, there is a clear unmet need to define a clear consensus for the treatment of ampullary tumors. With this in mind, Figure 1 aimed to propose an algorithm to guide the decision-making for the preoperative assessment and for the treatment of ampullary neoplasms, primarily based on the evidence from the literature (3, 7, 8, 12, 15) . This algorithm may be particularly pertinent to help gastroenterologists and hepatopancreatobiliary surgeons, to tailor their decision-making for the treatment of patients with noninvasive ampullary tumors. Patients frequently present with obstructive jaundice (20% in this cohort), but a variety of other unspecific symptoms may also occur, such as: abdominal pain, fatigue, weight loss or acute pancreatitis. The first step is to exclude gallstones, typically by abdominal ultrasound (US). The following measure is to perform tissue biopsies, which is critical for diagnostic purpose. This may be achieved either by ERCP/EGD or by EUS. The latter demonstrated a high sensitivity and is particularly accurate for the T staging which is key element since it determines the therapeutic modality (1, (16) (17) (18) . Further investigation with an abdominal CT-scan, should be performed if the preoperative biopsies reveal an invasive carcinoma and/or if macroscopic malignant characteristics are observed during EGD/ERCP/EUS. These findings include features such as friable, ulcerative or hemorrhagic lesion, Oddi's sphincter invasion and extension to common bile duct or pancreatic duct (1, 7, 15) . In case of systemic disease, palliative care such as stenting could relieve patient's symptoms. The presence of invasive patterns is an indication for PD, unless the patient has contraindication for major surgery, in which case SA appears as a reasonable option (17) . In case of non-invasive tumor, EA would be first considered given its lower morbidity, as confirmed by the present results. Nonetheless, SA is an alternative after EA failure or if EA is not amenable (8, 15, 18, 19) . The EA failure rate is indeed substantial, both in this series and in the literature. In this context, SA offers an appealing alternative that is efficient and safer than PD (19) . If remaining malignancy is evidenced by the pathological analysis after either EA or SA, PD is further recommended. Conversely, if no evidence of malignancy is found, a follow-up with endoscopic surveillance is appropriate.
In summary, the present results suggest that EA may be associated with lower morbidity than SA, and may be considered as a first-line treatment for patients with non-invasive ampullary tumors. SA remains however a useful option after EA failure, or in patients with contraindications for EA or PD.
